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TWO RANGE ELECTRICALLY VARIABLE POWER TRANSMISSION 
TECHNICAL FIELD 

[0001] This invention relates to power transmissions and, more 
particularly, to power transmissions including an engine, electric power 
transfer devices, and planetary gearing. 

5 

BACKGROUND OF THE INVENTION 

[0002] Power transmissions are employed in vehicle powertrains to 
provide a plurality of ratios between the power source, such as an engine, 
and the final drive mechanism, such as a differential. These transmissions 
10 have taken on many forms including mechanically shifted or manual step 
ratio transmissions, planetary step ratio transmissions, and continuously 
variable power transmissions. 

[0003] The continuously variable power transmissions generally include 
an adjustable belt drive, adjustable drive rollers, hydrostatic motor pump 
15 drives, or electrical power drives. The power split transmission also 
includes one or more planetary gear sets. 

[0004] In more recent developments, it is proposed to use input-split 
power transmissions, output-split power transmissions, or compound-split 
power transmissions. Each of these power split type transmissions 
20 incorporate planetary gear sets. 

SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to provide an improved 
electrically variable transmission with both input-split and output-split 
25 operation. 
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[0006] In one aspect of the present invention, the transmission is 
employed in a powertrain having an engine, two electric power transfer 
mechanisms, a single planetary gearset, and a final drive mechanism. 
[0007] In another aspect of the present invention, each of the electric 
5 power transfer mechanisms can be operated as either a motor or generator. 
[0008] In yet another aspect of the present invention, the planetary 
gearset has incorporated therewith a pair of clutch mechanisms. 
[0009] In still another aspect of the present invention, one of the clutches 
is an input clutch and the other is an output clutch. 

10 [0010] In a further aspect of the present invention, the transmission 
incorporates a single planetary gearset having a sun gear member, a ring 
gear member, and a planet carrier assembly member. 
[0011] In a yet further aspect of the present invention the input clutch is 
operable to connect the mechanical power source with either the planet 

15 carrier assembly member or the ring gear member. 

[0012] In a still further aspect of the present invention, the output clutch 
is operable to connect either the ring gear member or the planet carrier 
assembly member with the transmission output member. 
[0013] In a yet still further aspect of the present invention, one of the 

20 electric power transfer mechanisms is continuously connected with the sun 
gear member. 

[0014] In still a further aspect of the present invention, the other of the 
electric power transfer mechanism is continuously connected with the planet 
carrier assembly member. 

25 

DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a schematic representation of a powertrain including a 
power transmission incorporating one embodiment of the present invention. 
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[0016] FIG. 2 is a curve or chart representing the speeds of some of the 
transmissions components relative to the transmission output speed. The 
input is representative of an engine operating at cruise speed. 
[0017] FIG. 3 is a curve or chart similar to FIG. 2 with the powertrain 
5 being operated at full power. 

[0018] FIG. 4 is a chart similar to FIG. 2 wherein the ratio of the 
planetary gearset has been changed and the powertrain is operating at a 
cruise speed. 

[0019] FIG. 5 is a chart similar to FIG. 3 having the planetary ratio 
10 similar or the same as FIG. 4. 

[0020] FIG. 6 is a schematic representation of a powertrain including a 
power transmission incorporating another embodiment of the present 
invention. 

[0021] FIG. 7 is a chart similar to FIG. 2 with the input being 
15 representative of operation at cruise speed. 

[0022] FIG. 8 is a curve or chart similar to FIG. 3 with the powertrain 
being operated at full power. 

DESCRIPTION OF THE EXEMPLARY EMBODIMENTS 
20 [0023] There is seen in FIG. 1 a powertrain 10 having an engine or 
prime mover 12, a power transmission 14, and a conventional final drive 
mechanism 16. The power transmission 14 includes a pair of electric power 
transfer mechanisms 18 and 20, a planetary gearset 22, an input clutch 24, 
and an output clutch 26. 
25 [0024] The power transfer mechanism 18 is a conventional electric 

power transfer mechanism, such as a motor/generator (M/G). The electric 
power transfer mechanism 20 is also a conventional M/G unit. The 
motor/ generators 18 and 20 are connected with a conventional electronic 
control unit (ECU) 28, which is also electrically communicated with a 
30 battery assembly 30. During the course of operation, the battery assembly 
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30 can supply power to and extract power from the motor/generator units 
18, 20 through the electronic control unit 28. As is well known, electronic 
control units, such as 28, can incorporate a conventional preprogrammable 
digital computer, which is operable to control both the speed and power 
5 delivery and absorption of the motor/generator units 18 and 20. 

[0025] The planetary gearset 22 includes a sun gear member 32, a ring 
gear member 34, and a planet carrier assembly member 36. The planet 
carrier assembly member 36 includes a plurality of pinion gears 38 that are 
rotatably mounted on a planet carrier member 40. The planet carrier 
10 member 40 has a clutch component 42, a hub element 44, and a second 
clutch component 46. The ring gear member 34 has a hub component 48 
and a clutch component 50. 

[0026] The sun gear member 32 is continuously drivingly connected 
through a shaft 54 with the M/G unit 18. The planet carrier member 40 is 
15 continuously drivingly connected with the M/G unit 20. The engine 12 has a 
shaft 56, which provides input power to the transmission 14. The shaft 56 is 
drivingly connected with a clutch component 58. 

[0027] The final drive mechanism 16 includes a transmission output shaft 
60, which is continuously drivingly connected with a clutch component 62. 

20 [0028] The clutch 24 includes the clutch components 42 and 58, a 

portion of clutch component 50, and a clutch control mechanism 64. The 
clutch control mechanism 64 is operable to connect the clutch component 58 
with the clutch component 42 or to connect the clutch component 58 with the 
clutch component 50. The clutch 26 includes the clutch component 46, the 

25 clutch component 62, a portion of the clutch component 50, and a clutch 
control mechanism 66. The clutch control mechanism 66 is operable to 
connect the clutch component 50 with the clutch component 62, or to 
connect the clutch component 46 with the clutch component 62. The 
clutches 24 and 26 are conventional clutch mechanisms, which can be either 

30 mechanical, hydraulic, or electric. 
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[0029] When the clutch 24 is in the position 24A and the clutch 26 is in 
the position 26 A, the power transmission 14 is conditioned for an input-split 
ratio. During this operation, the engine 12, through shaft 56, drives the ring 
gear member 34 through the clutch 24 and the planet carrier member 40 
5 drives the output shaft 60 through the clutch 26. This is an input-split 
combination within the powertrain 10. 

[0030] When the clutch 24 is in the position 24B and the clutch 26 is in 
the position 26B, the engine 12 is drivingly connected with the planet carrier 
member 40 and the ring gear member 34 is drivingly connected with the 
10 output shaft 60 through the clutch 26. In this condition, the powertrain 10 is 
conditioned for an output-split operation. 

[0031] The power transmission 14 has two ranges of operation. An 
input-split range of operation is provided when the clutch 24 is in the 
position 24A and the clutch 26 is in the position 26 A, such that the engine 12 

15 drives the ring gear member 34, the motor/generator 20 drives the planet 
carrier member 40, and the motor/generator 18 drives the shaft 54. A 
second range or output-split range of operation is provided when the clutch 
24 is in the position 24B and the clutch 26 is in the position 26B. During 
this range of operation, the engine 56 and motor/generator unit 20 operate in 

20 unison to drive the planet carrier member 40. The motor/ generator unit 18 
drives the sun gear member 32 and the ring gear member 34 is connected 
with the output shaft 60. 

[0032] The powertrain 10 operates through a wide range of vehicle 
speeds. The powertrain 10 may be operated at a cruise condition, which 

25 would provide maximum economy or at an acceleration or full engine speed 
condition, which would provide maximum vehicle acceleration. 
[0033] The chart depicted in FIG. 2 describes the speed of the 
components when the ratio of ring teeth to sun teeth in the planetary gearset 
22 is equal to 1.5 and when the powertrain is operated at a cruise condition. 

30 As seen in FIG. 2, the engine 12 and shaft 56 operate along the line 70, the 
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M/G unit 20 operates along the line 72, and the M/G unit 18 operates along 
the line 74. These three lines converge at a point 76. 
[0034] When this point is reached, the planetary gearset 22 is operating 
as a unit. That is, the speed of sun gear member 32, the planet carrier 
5 member 40, and the ring gear member 44 are all operating at the same 
speed. At this condition, the clutches 24 and 26 can be synchronously 
interchanged since their input and output speeds are identical. The operation 
to the left of point 76 represents an input-split condition with the clutches 24 
and 26 having positions 24 A and 26 A, respectively. The operation to the 
10 right of point 76 represents an output-split condition with the clutches shifted 
to positions 24B and 26B, respectively. 

[0035] Following this interchange the engine 12, input shaft 56, planet 
carrier member 40, and M/G unit 18 will operate in unison along line 78. 
The M/G unit 20 will continue to operate along line 74. 

15 [0036] When the transmission 14 is operating in the input-split condition 
and when the M/G unit 18 is operating in a negative direction or at a 
negative speed, the M/G unit 18 is generally operating as a generator, which 
provides power to operate the motor/generator 20 in addition to the battery 
power. If all of the generated power of M/G unit 18 is not required to drive 

20 M/G unit 20, the excess power can be used to ensure that the battery 

assembly 30 is fully charged. The ECU 28 is, of course, operable to control 
the operating conditions of both the M/G unit 18 and the M/G unit 20. 
[0037] When the powertrain 10 is operating to the right of point 76, an 
output-split transmission is provided within the power transmission 14. As 

25 described above, during this condition the engine 12 and M/G unit 20 

operate in unison while the M/G unit 18 operates along the line 74. Also 
during the output-split operation, the M/G unit 18 generally operates as a 
motor when the speed thereof is negative or below the zero line. 
[0038] The chart of FIG. 3 describes the characteristic operating speeds 

30 of the engine 12 and shaft 56 as shown at line 80, the operating speeds of 
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M/G unit 20 as shown at line 82, and the operating speeds of M/G unit 18 as 
shown at line 84. The operating condition shown in FIG. 3 is a condition 
under which maximum vehicle acceleration is attained by the powertrain 10. 
[0039] As can be seen in FIG. 3, the engine accelerates to a maximum 
5 speed condition from idle to point 86, the M/G unit 20 accelerates along line 
82 to the point 88, and the M/G unit 18 is operated under both a negative 
speed condition and a positive speed condition up to the point 88. At the 
point 88, the planetary gearset 22 is operating in unison such that an 
interchange can be made from the input-split operation to the output-split 
10 operation. As with the operation in FIG. 2 during an output-split operation, 
the M/G unit 20 and engine 12 operate in unison along line 90 while the 
M/G unit 18 continues along line 84. 

[0040] There are conditions under which the M/G unit 18 will operate as 
a generator when driven in a positive direction as well as when driven in a 

15 negative direction. There are also conditions under which the M/G unit 20 
will operate as a generator and the M/G unit 18 will operate as a motor. 
Under most conditions, when the M/G unit 18 is operating as a motor, the 
M/G unit 20 will operate as a generator. These units are sized such that the 
generating power of one unit is sufficient to supply the driving power of the 

20 other unit. 

[0041] There are, however, times when both units will operate as motors 
under the maximum power requirement conditions shown in FIG. 3. During 
these rare conditions, the battery assembly 30 will supply power along with 
the engine 12 to provide operation of the vehicle. During these conditions, 

25 when the battery assembly 30 is supplying power, the M/G unit 20 will still 
act as a motor even when the M/G unit 18 is acting as a motor, and also 
M/G unit 18 will act as a motor when the M/G unit 20 is acting as a motor. 
These conditions require the input power from the battery assembly 30. 
[0042] The driving conditions under which the action of the M/G units 

30 18 and 20 operate as motors during full power conditions is partly 
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determined by the unit as energy that is available from the battery. This is 
determined by the ECU 28 such that the vehicle will continue along a desired 
power curve, even though this power curve may be somewhat reduced from 
the maximum available power curve. 
5 [0043] The chart found in FIG. 4 depicts the operating speed conditions 
of some of the transmission components when the ratio of the planetary 
gearset is 3.0 as opposed to the ratio of 1.5 found in FIGS. 2 and 3. The 
planetary ratio refers to the ratio of the number of teeth on the ring gear 
member divided by the number of teeth on the sun gear member. This is a 
10 common numerical value employed in the design of planetary gearsets in 
power transmissions. 

[0044] As seen in FIG. 4, the units operate at a single speed at point 92 
and in FIG. 5, the units operate at a single speed at point 94. The chart of 
FIG. 4 depicts the cruise condition relationship between the engine 12, 

15 motor/generator 18, and motor/generator 20. The engine 12 operates along 
the speed curve 96, the M/G unit 20 operates along the speed curve 98, and 
the M/G unit 18 operates along the speed curve 100. As noted to the right 
of point 92, the M/G unit 20 and engine 12 operate in unison. 
[0045] FIG. 5 is a chart of the powertrain being operated at maximum 

20 acceleration conditions, again with a planetary ratio of 3.0. The engine 12 is 
operated along the line 102, the M/G unit 20 is operated along the line 104, 
and the M/G unit 18 is operated along the line 106. To the left of the point 
94, the powertrain 10 is operating as an input-split mechanism, and to the 
right of point 94, the powertrain 10 is operating as an output-split 

25 mechanism. 

[0046] FIG. 6 depicts a powertrain 110 having an engine or prime mover 
112, a power transmission 114, and a conventional final drive mechanism 
1 16. The power transmission 1 14 includes a pair of electric power transfer 
mechanisms 118 and 120, a planetary gearset 122, an input clutch 124, and 
30 an output clutch 126. 
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[0047] The power transfer mechanism 118 is a conventional electric 
power transfer mechanism, such as a motor/generator (M/G). The electric 
power transfer mechanism 120 is also a conventional M/G unit. The 
motor/generators 118 and 120 are connected with a conventional electronic 
5 control unit (ECU) 128, which is also electrically communicated with a 

battery assembly 130. During the course of operation, the battery assembly 
130 can supply power to and extract power from the motor/generator units 
118, 120 through the electronic control unit 128. As is well known, 
electronic control units, such as 128, can incorporate a conventional 
10 preprogram able digital computer, which is operable to control both the 
speed and power delivery and absorption of the motor/generator units 118 
and 120. 

[0048] The planetary gearset 122 includes a sun gear member 132, a ring 
gear member 134, and a planet carrier assembly member 136. The planet 

15 carrier assembly member 136 includes a plurality of pinion gears 138 that 
are rotatably mounted on a planet carrier member 140. The planet carrier 
member 140 has a clutch component 142, a hub element 144, and a second 
clutch component 146. The sun gear member 132 has hub components 
148E, 148F and clutch components 150E, 150F. The hub component 148E 

20 is connectable with the engine 112 through the clutch component 150E and 
the hub component 148F is connectable with the final drive 16 through the 
clutch component 150F. 

[0049] The ring gear member 134 is continuously drivingly connected 
with the M/G unit 118. The planet carrier member 140 is continuously 
25 drivingly connected with the M/G unit 120. The engine 112 has a shaft 156, 
which provides input power to the transmission 1 14. The shaft 156 is 
drivingly connected with a clutch component 158. 

[0050] The final drive mechanism 116 includes a transmission output 
shaft 160, which is continuously drivingly connected with a clutch 
30 component 162. 



10 

[0051] The clutch 124 includes the clutch components 142 and 158, a 
portion of clutch component 150E, and a clutch control mechanism 164. 
The clutch control mechanism 164 is operable to connect the clutch 
component 158 with the clutch component 142 or to connect the clutch 
5 component 158 with the clutch component 150E. The clutch 126 includes 
the clutch component 146, the clutch component 162, a portion of the clutch 
component 150F, and a clutch control mechanism 166. The clutch control 
mechanism 166 is operable to connect the clutch component 150F with the 
clutch component 162, or to connect the clutch component 146 with the 

10 clutch component 162. The clutches 124 and 126 are conventional clutch 
mechanisms, which can be either mechanical, hydraulic, or electric. 
[0052] When the clutch 124 is in the position 124 A and the clutch 126 is 
in the position 126A, the power transmission 114 is conditioned for an input- 
split ratio. During this operation, the engine 112, through shaft 156, drives 

15 the sun gear member 132 through the clutch 124 and the planet carrier 

member 140 drives the output shaft 160 through the clutch 126. This is an 
input-split combination within the powertrain 1 10. 

[0053] When the clutch 124 is in the position 124B and the clutch 126 is 
in the position 126B, the engine 112 is drivingly connected with the planet 

20 carrier member 140 and the sun gear member 132 is drivingly connected 
with the output shaft 160 through the clutch 126. In this condition, the 
powertrain 110 is conditioned for an output-split operation. 
[0054] The power transmission 114 has two ranges of operation. An 
input-split range of operation is provided when the clutch 124 is in the 

25 position 124A and the clutch 126 is in the position 126A, such that the 

engine 112 drives the sun gear member 132, the motor/generator 120 drives 
the planet carrier member 140, and the motor /generator 118 drives the ring 
gear 134. A second range or output-split range of operation is provided 
when the clutch 124 is in the position 124B and the clutch 126 is in the 

30 position 126B. During this range of operation, the shaft 156 and 
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motor/generator unit 20 operate in unison to drive the planet carrier member 
140. The motor/generator unit 118 drives the ring gear member 134 and the 
sun gear member 132 is connected with the output shaft 160. 
[0055] The powertrain 110 operates through a wide range of vehicle 
5 speeds. The powertrain 110 may be operated at a cruise condition, FIG. 7, 
which will provide maximum economy or at an acceleration or full engine 
speed condition FIG. 8, which will provide maximum vehicle acceleration. 
The operation of the power train in the cruise condition, FIG. 7, is similar to 
that described above in FIG. 2 and the full speed condition FIG. 8 is similar 
10 to that described above in FIG. 3. The planetary ratio of the sun gear 132 to 
the ring gear 134 has been chosen to be 1.50 for this example. 



